Marinicauda pacifica gen. nov., sp. nov., a prosthecate alphaproteobacterium of the family Hyphomonadaceae isolated from deep seawater A marine prosthecate bacterium, designated strain P-1 km-3 T , was isolated from deep seawater from the Pacific. Cells of strain P-1 km-3
T comprised glucuronopyranosyldiglyceride (GUDG), monoglycosyldiglyceride (MGDG), sulfo-quinovosyl diacylglycerol (SQDG), phosphatidylglycerol (PG), an unidentified phospholipid (PL) and an unidentified lipid (L). The genomic DNA G+C content of strain P-1 km-3 T was 66.0 mol%. On the basis of the polyphasic data presented in this study, strain P-1 km-3 T is proposed to represent a novel species in a new genus, Marinicauda pacifica gen. nov., sp. nov., within the family Hyphomonadaceae. The type strain of the type species is P-1 km-3 T (5KACC 16526 T 5CGMCC 1.11031 T ).
The family Hyphomonadaceae was proposed by Lee et al. (2005) based on the phylogenetic analysis of the 16S rRNA gene sequences of species in the class Alphaproteobacteria.
At the time of writing, the family comprises 11 genera: Hyphomonas (Moore et al., 1984) , Hirschia (Schlesner et al., 1990) , Maricaulis (Abraham et al., 1999) , Oceanicaulis (Strömpl et al., 2003) , Woodsholea (Abraham et al., 2004) , Robiginitomaculum (Lee et al., 2007) , Hellea (Alain et al., 2008) , Henriciella (Quail et al., 2009) , Ponticaulis (Kang & Lee, 2009) , Litorimonas (Jung et al., 2011) and Algimonas (Fukui et al., 2013) . Members of the family Hyphomonadaceae all originate from marine environments and most of them are prosthecate. In 2010, during a culturedependent microbial investigation of seawater samples, a bacterial strain, designated P-1 km-3 T , was isolated. In this study, the novel isolate was further taxonomically characterized using a polyphasic approach and, on the basis of the results, it was proposed to represent a novel genus and species in the family Hyphomonadaceae.
Seawater was collected from a depth of 1000 m at the CTD04 site of the Pacific Ocean in August 2009 during the DY-115-21 cruise of the R/V Da-Yang Yi-Hao. Strain P-1 km-3 T was isolated from the seawater sample using the dilution-plating technique on TYS agar [0.5 % tryptone (Oxoid), 0.1 % yeast extract (Oxoid), 1.5 % agar and artificial seawater (Sigma sea salts, 3 %)] at 30 u C. The 3These authors contributed equally to this work. strain was routinely cultured on TYS agar or in TYS broth (0.5 % tryptone, 0.1 % yeast extract and artificial seawater) at 30 u C and preserved at 280 u C in TYS broth supplemented with 20 % glycerol. Oceanicaulis alexandrii DSM 11625 T which was used as a reference strain in some tests was purchased from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Germany) and routinely cultivated in TYS broth or on TYS agar at 30 u C.
Genomic DNA of strain P-1 km-3 T , used as the template for PCR amplification of the 16S rRNA gene, was extracted using a commercial genomic DNA isolation kit (BioTeke). The 16S rRNA gene sequence of strain P-1 km-3 T was PCR amplified from the Genomic DNA using primers 27F (59-AGAGTTTGATCTTGGCTCAG-39) and 1492R (59-TACG-GCTACCTTGTTACGACTT-39) (Lane, 1991) . The PCR products were purified and cloned into pMD 18-T vector (TaKaRa) and then sequenced at Biosune using an automated DNA sequencer (model 3730; Applied Biosystems). The identification of phylogenetic neighbours was initially carried out by the BLAST (Altschul et al., 1997) and megaBLAST (Zhang et al., 2000) programs against the database of type strains with validly published prokaryotic names (Kim et al., 2012) . Pairwise sequence similarity values which were calculated using a global alignment algorithm were obtained through the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Sequence alignment and phylogenetic analysis were performed using MEGA version 5 (Tamura et al., 2011) . The phylogenetic tree was constructed using the neighbour-joining (Saitou & Nei, 1987) method. Evolutionary distances were computed using the Kimura two-parameter model (Kimura, 1980) . Bootstrap analyses (1000 replications) were carried out to evaluate the tree topologies.
Growth at 4, 6, 8, 10, 15, 20, 25, 30, 35, 40, 45 and 50 u C was measured in TYS broth. Growth at pH 5-10.0 (at 0.5 pH unit intervals) was investigated at 30 uC in TYS broth with the pH adjusted with 1 M NaOH or 1 M HCl. The NaCl concentration range for growth was determined in a liquid medium containing 0.5 % tryptone, 0.1 % yeast extract, 0.6 % MgSO 4 . 7H 2 O, 0.5 % MgCl 2 . 6H 2 O, 0.1 % CaCl 2 , 0.06 % KCl and distilled water supplemented with appropriate amounts of NaCl (0 %, 0.5 % and 1-15 % in 1 % increments, w/v). Anaerobic growth of strain P-1 km-3 T was checked in Hungate tubes in TYS broth supplemented with potassium nitrate (0.1 %, w/v), cysteine hydrochloride (0.05 %, w/v) and sodium sulfide (0.05 %, w/v).
Cellular morphology was observed with a transmission electron microscopy (JEM-100CX II) using cells which were grown in TYS broth at 30 u C for 2 days and negatively
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Brevundimonas aveniformis EMB102 T (DQ372984) stained with 2.0 % phosphotungstic acid. Gram-staining was performed following the Hucker's staining method (Murray et al., 1994) . Oxidase activity was tested with commercial oxidase test strips (Merck). Catalase activity was examined by bubble production in 3 % (v/v) H 2 O 2 solution. Hydrolysis of casein, starch and Tweens 20, 40, 60 and 80 was tested in TYS agar at 30 u C based on the methods described by Smibert & Krieg (1994) . Hydrolysis of tyrosine, xanthine and hypoxanthine was tested in TYS agar according to the protocol of Cowan & Steel (1965) . DNA hydrolysis was assessed on DNase agar (Oxoid). Antibiotic susceptibility testing was performed on TYS agar with the following antibiotics (mg/disc): ampicillin (10), chloramphenicol (30), erythromycin (15), gentamicin (10), kanamycin (30), rifampicin (5) streptomycin (10) and tetracycline (30). Enzymic activities and other biochemical properties were determined using API ZYM and API 20NE strips (bioMérieux) following the manufacturer's instructions except that cells for inoculation were suspended in artificial seawater.
For analysis of cellular fatty acids, strain P-1 km-3 T and the reference strain Oceanicaulis alexandrii DSM 11625
T were cultivated in TYS broth at 30 u C for 24 and 72 h. Cellular fatty acids were analysed by GC (6890; Hewlett Packard) following the instructions of the Sherlock Microbial Identification System (version 4.5). Quinones were extracted and purified as described previously (Komagata & Suzuki, 1987) and analysed using reversed-phase HPLC. Polar lipids were extracted according to the methods of Komagata & Suzuki (1987) and separated by twodimensional TLC. Lipids spots were visualized and analysed by spraying with appropriate reagents including ethanolic molybdophosphoric acid (total lipids), ninhydrin (aminolipids), Zinzadze reagent (phospholipids) and anaphthol-sulphuric acid (glycolipids) (Collins & Jones, 1980) . Genomic DNA was extracted according to the method of Marmur (1961) and the genomic DNA G+C content was determined by the thermal denaturation temperature (T m ) method (Marmur & Doty, 1962 ) using a Beckman DU800 Spectrophotometer.
The nearly full-length 16S rRNA gene sequence of strain P-1 km-3 T (1428 bp) was obtained. Comparative analysis of 16S rRNA gene sequences indicated that strain P-1 km-3 T was affiliated with the family Hyphomonadaceae. The strain displayed the highest 16S rRNA gene sequence similarities with Oceanicaulis stylophorae GISW-4 T (93.9 %), O. alexandrii C116-18 T (93.7 %) and Maricaulis virginensis VC-5 T (93.7 %), followed by Maricaulis parjimensis MCS 25 T (93.4 %), Maricaulis maris CM11 T (93.2 %) and Woodsholea maritima CM243 T (93.2 %). Sequence similarities of strain P-1 km-3 T with type strains of other members of the family Hyphomonadaceae were all lower than 93.0 %. In the neighbour-joining tree, strain P-1 km-3 T formed a distinct phylogenetic branch (80 % bootstrap support), between the branches of the genera Oceanicaulis and Woodsholea, within the Oceanicaulis-WoodsholeaMaricaulis cluster of the family Hyphomonadaceae (Fig. 1) .
The major fatty acids (.5 %) of strain P-1 km-3 T were C 18 : 1 v7c (30.2246.1 %), C 18 : 0 (18.7221.8 %), 11-methyl C 18 : 1 v7c (10.4217.2 %), C 17 : 0 (10.8212.8 %) and C 19 : 0 cyclo v8c (4.128.4 %) ( Table 1 ). The presence of considerable proportions of C 19 : 0 cyclo v8c differentiated strain P-1 km-3
T from type strains of species of the genera Oceanicaulis and Woodsholea, the nearest phylogenetic neighbours. The major respiratory lipoquinone of strain P-1 km-3 T was Q-10, in line with those of most members of the family Hyphomonadaceae. Polar lipids of strain P-1 km-3 T included glucuronopyranosyldiglyceride (GUDG), monoglycosyldiglyceride (MGDG), sulfo-quinovosyl diacylglycerol (SQDG), phosphatidylglycerol (PG), an unidentified phospholipid (PL) and an unidentified lipid (Fig. S1 , available in IJSEM Online). GUDG and MGDG are found in many members of the family Hyphomonadaceae (Alain et al., 2008; Kang & Lee, 2009; Lee et al., 2011; Jung et al., 2011; Fukui et al., 2013) . The genomic DNA G+C content of strain P-1 km-3 T was determined to be 66.0 mol%, higher than the values reported for type strains of species in the genera Oceanicaulis and Woodsholea (61.6, 61.8 and 65.2 mol%, for Oceanicaulis stylophorae, Oceanicaulis alexandrii and Maricaulis virginensis, respectively).
Cells of strain P-1 km-3 T were Gram-stain-negative dimorphic rods, bearing a polar prostheca (with a holdfast at one end) or a polar flagellum (Fig. S2) . Other physiological and biochemical characteristics are given in the genus and species descriptions. Characteristics that differentiated strain P-1 km-3 T from the genera Oceanicaulis and Woodsholea are shown in Table 2 . Based on its separate phylogenetic position, distinctiveness of the cellular fatty acid profile and differences in the phenotypic characteristics from type strains of species in closely related genera, strain P-1 km-3
T represents a novel species in a new genus within the family Hyphomonadaceae, for which the name Marincauda pacifica gen. nov., sp. nov. is proposed.
Description of Marinicauda gen. nov.
Marinicauda (Ma.ri.ni.cau9da. L. adj. marinus of the sea, marine; L. fem. n. cauda a tail; N.L. fem. n. Marinicauda a tail from the sea).
Cells are Gram-stain-negative, aerobic, rod-shaped and dimorphic. They possess one polar prostheca and are nonmotile, or are non-prosthecate and motile by means of a polar flagellum. A holdfast is present at the distal end of the prostheca. Multiplication occurs by binary fission. Predominant fatty acids include C 18 : 1 v7c, C 18 : 0 , 11-methyl C 18 : 1 v7c, C 17 : 0 and C 19 : 0 cyclo v8c. The major respiratory quinone is Q-10. Polar lipids mainly comprise glucuronopyranosyldiglyceride (GUDG), monoglycosyldiglyceride (MGDG), sulfo-quinovosyl diacylglycerol (SQDG) and phosphatidylglycerol (PG). Phylogenetically, the genus belongs to the family Hyphomonadaceae in the class Alphaproteobacteria, being closely related to the genera Oceanicaulis and Woodsholea. The type species is Marinicauda pacifica.
Description of Marinicauda pacifica sp. nov.
Marinicauda pacifica (pa.ci9fi.ca. L. fem. adj. pacifica peaceful, referring to the Pacific Ocean, the origin of the type strain).
Description is as for the genus with the following additional characteristics. Cells of the type strain are 1.0-3.0 mm in length and 0.3-0.5 mm in width. Colonies grown on TYS marine agar at 30 u C for 3 days are round (0.5-1.2 mm in diameter), creamy and convex with smooth surfaces. The type strain grows at 6-40 u C (optimum, 30 u C), in 0.5-12 % (w/v) NaCl (optimum, 2.0 %) and at pH 6.0-9.5 (optimum, pH 7.0). Hydrolyses tyrosine, but not casein, starch, DNA, hypoxanthine, xanthine or Tweens 40, 60 and 80. In API 20NE tests, cells of the type strain are positive for nitrate reduction, arginine dihydrolase and gelatin hydrolysis, but negative for indole production, acid production from glucose, urease, aesculin hydrolysis, b-galactosidase and assimilation of D-glucose, arabinose, mannose, mannitol, N-acetylglucosamine, maltose, gluconate, caprate, adipate, malate, citrate and phenylacetate. With the API ZYM strips, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatases and naphthol-AS-BI-phosphohydrolase activities are detected, but lipase Table 2 . Differential characteristics of strain P-1 km-3 T and recognised species of the genera Oceanicaulis and Woodsholea
Strains: 1, P-1 km-3 T (data from this study); 2, Oceanicaulis alexandrii DSM 11625 T (this study); 3, Oceanicaulis stylophorae GISW-4 T (Chen et al., 2012) ; 4, Woodsholea maritima CM243 T (Abraham et al., 2004) . +, Positive ; 2, negative (C14), a-galactosidase, b-galactosidase, b-glucuronidase, aglucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, amannosidase and a-fucosidase activities are negative. Cells of the type strain are susceptible to chloramphenicol (30 mg), erythromycin (15 mg), gentamicin (10 mg), rifampicin (5 mg) and tetracycline (30 mg), but resistant to ampicillin (10 mg), kanamycin (30 mg) and streptomycin (10 mg).
The type strain is P-1 km-3 T (5KACC 16526 T 5CGMCC 1.11031 T ), which was isolated from deep-seawater of the Pacific Ocean. The genomic DNA G+C content of the type strain is 66.0 %.
